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COMMITTEE ON RADIO FREQUENCIES
NOVEMBER 16, 1994 BRIEFING

- CORF is an arm of the National Research Council, which
itself was established by the National Academy of Sciences.

- CORF represents the interests of the Earth Exploration
Satellite Service, the Space Research Service, the Radio
Astronomy Service and other users of the radio spectrum
engaged in scientific research.

- Radio astronomy is a vitally important tool used by
scientists to study our universe. Furthermore, radio
astronomy has produced substantial terrestrial benefits
through the development of very-low-noise receivers, and
other radio astronomy technologies have been used to ~,
measure fault motions, leading to the identification of
potential earthquake zones. These benefits of radio
astronomy, obtained through years of work and substantial
federal investment, as well as future benefits, must be
protected.

- As passive users of the spectrum, astronomers study
natural sources of radiation throughout the electromagnetic
spectrum. The emissions that radio astronomers review are
extremely weak -- a typical radio telescope receives only
about one-trillionth of a watt from even the strongest
cosmic source. Radio astronomy is therefore particularly
vulnerable to interference from licensed and unlicensed
users in bands allocated to radio astronomy, and from
spurious emissions from users of neighboring bands.
Accordingly, if the benefits of radio astronomy are to be
protected, wise spectrum management must be used.

- Big LEO The Low Earth Orbit Satellite negotiated
rulemaking produced a very workable result, and CORF
appreciates the efforts and work of Commission staff
participants Tom Tycz and Harry Ng. This proceeding
demonstrates that when the Radio Science community is
allowed to participate as an equal, it can protect the needs
and interests of passive users of spectrum, while making
compromises that meet the needs of other users.

Reallocation of Spectrum Below 58Hz
- CORF is pleased to see that the Commission has recognized
the need, noted by NTIA, Cornell and CORF, to protect radio
astronomy operations in licensing the 2390-2400 and 2402
2417 MHz bands. We will respond to Commission's questions
in the NPRM in detail.
- Nature of MSS proposals in paras. 12 & 19?



Authorization of Services Aboye 40 GHz
- CORP has made a substantial study of the use of millimeter
wave bands. We anticipate providing a detailed and
generally supportive response to the NPRM.

Spread Spectrum
- It is important to restrict transmissions to the needed
frequency range. New research results indicate that
modulation techniques can effectively address this concern.
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I. INTRODUcrrON

The scientific needs of radio astronomers and other users of the passive services for the allocation of
frequencies were first stated at the World Administrative Radio Conference held in 1959 (WARC59). At that
time. the general pattern ofa frequency-allocation scheme \WS

1. that the science of radio astronomy should be recognized as a service in the Radio Regulations of the
International Teleoommunieation Union (ITIJ);

2. that a series of bands of frequencies should be set aside internationally for radio astronorny-these
should lie at approximately every octave above 30 MHz and should have bandwidths of about I percent
of the center frequency; and,

3. that special international protection should be afforded to the hydrogen line (1~1427 MHz),
the hydroxyl (OH) lines (1645-1675 MHz), and to the predicted deuta'ilDlt line (322-329 MHz).

At the end ofWARC59, emsiderable action had been taken to meet these needs, and at subsequent
conferences (with mere limited tasks), the growing extent of the scientific needs ha been stated and further steps
taken to meet than.

The discovery of radio sources and the bulk of current knowledge about their nature and distnbution, and of
the processes responsible fex' the radio anission from them, have come through observations of the continuwn
radiation (continuous spedra) made at a limited number of frequencies at mecer to centimeter wavelengths.
Observations of intensity need to be made at a number of frequencies to detmnine the cbaractaistic spectra of
sources; but because the distribution of continuwn radiation with frequency is relatively smooth, obsetvations of
this kind do not need to be made at specific or closely adjacent frequencies. Bands spaced at intervals of about
an octave of the radio-frequency spedl\Ull are nonnalIy satisfactory. However, seIDe sources have spectral
features requiring obsavation at closer spacings.

The bends made available to the Radio Astrooomy Service, in acconfance with the Fmal Ads of the World
Administrative Radio Conference. Geneva, 1979, rqxoesent an improvement over the international allocations
made to the Service in 1959, 1963, and 1971 and are a partial fulfillment of the requirem:nts of the Service.
However, many of the currently allocated bands have insufficient bandwidths; they are, in most cases, shared
with active services; many apply to limited areas of the \\Uld; and there are large intemds between some of the
allocated bands.
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As the 1992 WAR£, apptoaches, the CommittrJe on Radio Frequencies (CORf) restates in this document the
views and needs of radio astronornm and remote sensing scientists for the protection of their research. There is
a continuing need for review and updating of the allocations of frequencies for the passive services. The
committee notes that with the discovery of new astronomical objects and the development ofbetter equipment
and techniques, passive radio scientists regularly use frequencies from the lowest allocated radio astronomy band
at 13360-13410 kHz to bands above SOO GHz. The use of passive ground- and satell~based instruments for
meteorological and astronomical observation has further increased the need for more spectrum.

The needs for continuum observations~ first stated in 1959 were based largely on the desire to measure
the spectra of radio sources over a wide range of frequencies. Since that time, two developments have reinforced
this need for continuum bands.

First, pulsars, \Wich are rapidly rotating. highly magnetized neutron stars, have been discovered to be
among the most exotic objects in the universe. The physics of pulsars involves the study of matter and radiation
wufer the influence ofextreme magnetic, electric, and gravitational fields. Pulsars now pro\ide the niVSt accurate
timekeeping, surpassing the world's ensemble of atomic clocks for long-term time stability. They prcvide the
best experimental tests of predictions of the theory of general relativity, the detection of gravitational radiation,
and diagnostics of the interstellar medium's density and magnetic field For these studies continuwn bands.
particularly those at frequencies below 3 GHz. are most valuable.

Second, the technique of very-long-baseline interferomeuy (VlB1) now allows radio astronomers and earth
scientists to link radio telescopes many thousands of kilometers aput by recording on fast-nmning, high-density
magnetic tape (using very stable oscillators as a reference) and to process the tapes to produce an interferometer
system with several very long baselines. The technique of VLBI has proved invaluable in studying the structure
ofvery distant radio sources and in monitoring crustal motions and rotational irregularities of the earth. For this
technique to be fully exploited, telescopes in several different countries must observe together on exactly the
same frequency. This is made much easier if the same passive fftquency bands are protected in all of the regions
of the \\a'ld.

Since 1959 a large number of spectra1lines from a wide variety of atoms and molecules in space have been
discovered. The fftquency range of radio titronOmy now extends to at least 500 GHz. In particular the CO
molecule, with frequencies at 115, 230, and 345 GHz and isotopes with hquencies at 110, 220, and 330 GHz. is
critical to many aspects of astronomy. The opportunity to leam about the gas out of \Wich stars are formed in
OlD' own and in distant galaxies depends considerably on acc:css to all of these frequencies. The ground-state
fine..structure line ofatomic C8Ibon at 492 GHz has been discovered and provides a truly unique opportunity for
radio astronomy. &wever, the protection of spectral-line frequencies is a difficult task. In some simple cases,
what is needed is clear, the value of If, OH, and CO line studies has gt'O\W, particularly as more sensitive
instnunents look farther out to objeccs with incrasiIlgIy greater red shifts. This, in tum, has made it w-gent to
look for ways to extend the h)dmpD- and hydroxyI-line protection below 1400~ and similarly to extend :he
protected bands far tile lines ofOH and CO molecules. For IJ1IIJ)' of the new molecular species, .it is difficult :0
he precise as to 1beir reIIdve scientific intpOltauce. Thus continued review of the science, combined with
protection of radio astronomy observations by footnote references to the Table ofFrequency Allocation in the
lID Radio Regnlldons. is needed.

There are special difficulties for some spectral lines (the OH lines, for exarJ1)le), where radio emissions
from airborne and specebcme transmitters exist too close to the line frequencies. This difficulty is one that, in
recent years, has graM greatly in importance, particularly with the introductioo ofhigher-powered space
transmitters and the use ofspread spedrUm modulation techniques. Because the radio ascronomy and remote
sensing sensitivities are 50 great, and terrain shielding cannot be employed, it is most difficult to avoid
intecfae.,ce from the sidebmds of some spacebome transmitters, even though their central transmitting
ftequencies may lie outside the radio astronomy bands.
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As long ago as 1960, the vulnaability of radio astrooomy tointafamce was being documented by the
International Radio Coosu1tadve Committee (CCIR) of the I1U. &timates ofharmful thresholds for radio
astronomy bands were published in CCIR Report 224-6. Thus it is now important to implement \Vclys to protect
radi<>-astronomy and other services tiom adjacent-band interference from air- and spaco-tO-ground transmissions.

As it has in the past, CORF proposes that the bands allocated to the Radio Astronomy Service be afforded
protection to the levels given in CCIR Report 224-6. Within these bands, the flux spectral density produced by
services in other bands should not exceed these levels. The Radio Astronomy Service, in retwn. can claim no
special privileges with respect to flux spectral density outside its bands except by mutual agreement with other
5elVices or by national arrangements.

The concept of a lAmar Quiet Zone has been studied and advanced as a valuable international resource for
radio astronomers and for other scientists \We are passive observers of the universe. The study of such a quiet
zone has been undertaken within the CCIR and has resulted in CCIR Recommendation 479-3. Radio Regulations
(RR29) numbers 2632 to 2635 define the shielded zone of the moon and prohibit hannfu) interference to radio
astronomy except in Space Research and Earth Exploration Satellite bands. Work should continue on
determination of appropriate protection of this zone.

The Radio Astronomy Service and the Earth Exploration Satellite SeMce (Passive) were considered at the
1979 WARC. Allocations to these services have allowed continuing useful research programs to be pursued. It
is important that future radio conferences not change the Radio Regulations in ways that will be deleterious to
these services. Although these services have additional needs, CORF is not pressing for new allocations or
considerations at the 1992 WARC. ~,the conunittee \\OUJd welcome any changes in the regulations that
required the use ofbetter' and IDClIe modem technical standards. CORF especially encourages the development of
additional regulations to protect services from emissions spiUing over from adjacent bands.
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n. SCIENTIFIC BACKGROUND

Radio AstmoornY

. The fact that radio waves am be received on the earth from celestial objects was first discovered by Karl
Jansky of the Bell Telephone Laboratories in 1932, as a by-product of studies of noise in radio-communieation
systems. Since that time. the science of radio astronomy has expended to the point that many types of
astronomical objects have been studied by radio methods, and many important discoveries have been made.

WIteraIs the light waves studied by optical astronomers come from hot objects such as stars, celestial radio
\WIVes come mainly from cooler objects, such as the gas between the stars, or from electrons in ordered motion.
Radio astronomers study many of the same celestial objects that optical astronomers do, and, in addition, their
work has revealed new classes of objects and quite unexpected fonns of activity. Astronomical studies provide a
laboratory in vJUch matter can be seen over a wide range of physical conditions, the exbdiles ofvJUch cannot
now or in the foreseeable future be reproduced on the earth. Extremes ofdensity, temperature, and pressure and
unusual chemical compositions can all be fOWld at various places in the universe and are tmder close study by
astronomers.

Some of the sources of radio \\-aVes are believed to be at the farthest limits of the known Wliverse.
Because these sources are so far away, the radio waves have been traveling for many billions ofyears, thereby
providing infonnaticm about the condition of the universe a very long time ago. Closer to home, there are large
sections of our Milky Way Galaxy that cannot be seen by optical astronomers because light \\-aVes are stopped
by clouds of interstellar dust; radio \\-aVes can pen~ these dust clouds, enabling us to study the \\-hole of our
galaxy and other nearby galaxies.

The spectrum of the celestial radio \\aves reaching the earth contains a broad continumn that covers the
",bole range ofhquencics that am peneflate the earth's atmosphere, together with a large nwnber of :ltomic :md
molecular spectral lines, each ofvJUch is confined to a narrow frequency range.

The radio continuum arises from t\\O principal mechanisms: (I) thermal emissim, the intensity of which is
proportionaJ to the tempeaature, produced in an ionized gas of tmbound electrons and protons; and (2) nonthennal
emission, mostly produced by the synchrotron process,. in \\hich vay-high-speed electrons spiral arotmd
magnetic-field lines. This mechanism is found in the disks of normal galaxies. in the remnants of supernova
explosions, and in tmusual types of galaxies knOYlO as radio galaxies and quasars.
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spectnlline redjetim is aniUed \Wen an atom CX' rmlec:u1e gaiDs CX' loses a discreet IIOOUI1t of energy.
This radiation bas a specific ftequency and wavelength and thus resuhs in a line in the radio spednm Each
type of atom and molecule has its own unique set of lines. Widely observed specUa11ines occur at a frequency
near 1420 MHz. arising from neutral (nonionized) hydrogen atoms in the interstellar gas, and at frequencies of
115 and 230 GH7. arising from carbon monoxide molecules. Other spectral lines have been detected from
several atomic species and from a large number of molecules found in space and in planetary and stellar atI1lo
spheres.

In the solar system, the suo bas always been an important object for study by radio astronomers. The
slowly varying c:omponent of solar radio emission bas been found to provide one of the best indicators of the
variation of solar activity over the suo's II-year cycle. In addition, the intense and rapid bursts of solar radio
emission are providing greater understanding of \\bat happens on the sun during active periods and the way the
suo influences events' in the earth's atmosphere, near~ space, and other portions of the solar system.

The planet Jupiter also produces frequent bursts of radio waves, and it \Va the study of these by radio
astrolJomers that first shoMd the coupq between Jupiter's magnetosphere and the satellite 10. This bas been
confinned and extended by measurements in the vic~ of Jupiter from the Pioneer and Voyager spacecrafts.

Radio astronomy bas provided new information about the early and late stages of the lives of stars, stages
that are important in the evolutionary process but that are not Mlllu1derstood. Strong and localized sources of
radiation in spedJ'IIlines of the hydroxyl and water molecules are found in the shells of objects that appear to be
in the process of becoming stars. Some compact sources of thermal continuum radiation, \Wich are embedded in
dense clouds of dust, also seem to be protostellar objects. 1UcentIy, giant breeding grounds of massive new
stars, and dark clouds where stars similar to the sun are born, have been detected. Millimeter and submillimeter
radio telesoopes and intetfaometers are expected to ltad astronomers to a new era of understanding of the star
fonnation process.

At the oIher end ofthe stellar life cycle, radio astronomers study supernova remnants, the material blo\W
out from massive stars in giant explosions at the end of their lives as stars. Radio astronomers have also
discovered numerous very dense and compect neutron stars, \W.ic:h are the remnants of supernova explosions. A
rapidly rotating neutron star often is obsaved as a pulsar, a periodic radio source, \Wich emits a narrow beam of
coherent radiation as the neutron star rotates. The period of some pulsars is ofthe order ofa millisecond,
making these objects the most stable clocks kncMu.

SpectralliDes have now been detrded &om about 80 ditfereDt rmlecules in intastellar space. Many of
these are etganic rmleculel. IIId lame are quite~ TheIe discoveries have raised interesting questions
about bow complex molecules have been buik up IIId how further dlMIopment might lead to the precursors of
life, as a posstbly widespead~ in our galaxy and the wider univcne. Astronomers, \\bo study
astrocbemistry, IIIteqJt to tJw:e out the development ofa chain of cbemicaI oompounds by searching for the
appropriate spectral1ines. To study the physical conditions inside a rmlecular cloud, or in different portions of
the cloud, it is necessII)' to~ the relative strengths of lines fiom different molecules, or of different
transitions (lines) fiom the same molecule. In some cases, a set of lines ofa particular type of molecule,
involving differn isotopes of one or more of the constituent atoms (hydrogen, carbon, nitrogen, or oxygen), eM
be studied; these studies can give valuable information on the ~Iative densities of the various isotopes in the
intastellar medium, and thus indirectly on the general evolution of the cbemicaI elemems.

Studies of some spectralliDes are more important than othcn because die atans CX' molecules concerned
occur in greater numbers, the transitions are more easily excited, CX' they are particularly good for indicatirlg the
conditions inside a cloud or the location of the spiral arms in a galaxy. ~,to understand the chemical
and physical conditions properly, it is necessary to intereompare a large number of lines.
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Studies ofpIsxies depend heavily on ohtcmdious ofspectrall.ines at radio 'MlVeleogths. These
observations povide information on the Idnematics of the gas in the galaxies and on the abundance of the
elements making up that gas. The hydrogen line has been used to learn about the gravitational potential of the
galaxies, leading to the realization that a substantial fraction of the masses of galaxies is made up of material that
is not visible. This is called the "missing mass" problem and is vital infonnation in deciding \Wether the
universe will expand forever or will eventually collapse on itself. Further, the hydrogen spectra of galaxies is
used for detennining their distances and therefore helping to establish the large-scaJe structure of the universe.

Many distant galaxies are \D1usual1y strong continuum emitters of radio waves but are relatively faint when
viewed with an optical telescope. These "radio galaxies" are the subject of many investigations attempting to
discover the soun:e of1heir radio energy and the circumstances of the explosive events that seem to have
occurred in many ofthem.

The most poMrfW radio sources kno\m are quasars, much are distant. compact objects that emit radio
energy at a prodigious rate. A quasar is believed to be the nucleus ofa gaJaxy that is usually too distant tor
anything but the central cae to be seen The study'of quasars involves fundamental physics, in the continuing
attempt to tmderstand their sources of energy. The nuclei of some other classes of galaxies show great activity
and \D1usual energy production. Even the nucleus of our own galaxy is a small-scale version of an active nuc!~I.!S

and can best be studied by radio methods.

Rcmgte Sensina of the f«tb

CbemItions of the e8I1h's afmOSphere, land areas, and oceans in the radio part of the electromagnetic
spcctnDn have beoome increasingly important in understanding the e8I1h as a system. Currently operational
satellite instJuments, including the Micrmwve Sounding Unit (MSU) and instiuments on the U.S. Air Force's
passive micrmwve weather satellites (SSM'! and SSM'I) provide key meteorological data sets. Future remote
sensing satellite missions such as NASA's Earth C&erving System~ and the Tropical Rainfall Measurement
Mission (1RMM) are cumntIy under planning. The missions are expected to imp'OVe measurcmcnts of
atmospheric temperature, WIder vapor and precipitation, soil moisture, conc:entrations of ozone and other trace
gases, and sea surface tempeiature and salinity. These multiyear, muJtJbiUion-dolJar missions are international in
scope, reflecting the interests of many countries in obtaining accurate meteorological, hydrological, and
oceanographic data, and measurements of land surface features and trace gases in the atmosphere.

The outcome of such rermIe sensing missions will be improvements in weather forecasting; severe stonn
monitoring; WIder resource, land, and biota management; and improved gIobIl climate and atmospheric chemistry
models. The long-term economic in1*t of the information &om remote sensing satellites promises to be
substantial, in both the pOOuctim of food and other agricu1tural produces IIId the operation of businesses and
industries that are depends CIt both local \W8ther and long-tenn climate stability. A substantial DlDIlber of lives
can be saved through advanced warning ofdangerously inclement weather. The rermIeIy sensed information
wi)) also be used to provide scientific:ally based guidelines for envirolJlDtlJtal policy.

A rmY« componeIIl of e8I1h remote sensing systems consists of specebome passive micrmwve r.wiometers.
These sensors are similar in their basic design and sensitivity to radioastronomy receivers and are essential to the
ovenll success of sateUite-bBsed earth rermIe sensing missions, due to their ability to probe through optically
thick clouds. This unique feature of passive microwave sensing complements the capabilities of in1rcued and
optical sensors.

As in radioastronomy, bands near certain atmospheric spectral lines and transmission windo~ al~ required
for passive earth exploration satellites. Several bands, listed in Tables I and 2, have been identified and
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investigated fel' their partiadar capebilities. Atmospheric tempeaamre pofiJes can be measured using channels
near O:! absa'ption lines at 5~70 GHz (within the 5-mm absorption band) and at 118 GHz. W8tl:r vapor profiles
can be measured using channels near 1\0 absorption lines at 22.235 and 183310 GIh. and potentially at 325
GHz. Precipitation exhibits no narrow spectral features and thus requires a widely spaced set of channels for
observation. Useful channels are near 6, 10, 18,37,90, IS7, and (potentiaJly) 220 and 340 GHz.1 Soil moisture
measurement requires a low-frequency micro\Wve channel near 1 to 3 GHz. Sea mace temperature and wind
speed measurements require channels at slightly higher frequencies, near 6, 10, and 18 GHz. Concentrations of
atmospheric trace gases (e.g., ozone) can be measured by observing atmospheric radio emissions near molecular
~.

The required sensitivities for retrieval ofgeophysical parameters are listed in Table 1, in terms of the
required accuracy of the brightness temperature values, ~ch range from 0.1 to 1.0 K. In order to obtain these
sensitivities, wide bandwidths (from 60 MHz to 6 GHz) are required. The particular bandwidth requirement
depends on the use of the channe~ the receiver sensitivity, and the observation time; minimum acceptable
bandwidths are given in Table 1. The listed bands are consistent with CCIR. R«.ommendation SIS, "Frequency
Bands and Performance Requirements fel' SatelUte Passive Sensing." a1though wider bandwidths are suggested
for some frequencies.

In order to obtain the sensitivity required for earth remote sensing. interference from radio sources must be
kept below the thresholds described in CCIR. Report 694. The current aJlocations for passive earth exploration
satellites were made during the 1979 WARC.

Active Sensors

Anothei critical component of current and planned earth remote sensing· systems consists of active
spacebome sensors, such as synthetic aperture radars (SARs), radar altimeters, and precipitation radars. Uses of
active sensors include measurement of soil moisture, snow, ice, rain, clouds, atmospheric pressure, and ocean
wave parameters, and mapping of geologic and geodetic features and vegdation.

Suggested channels for active earth rernote sensing are l00-MHz-wide frequency bands near 1,3, S, 10, 14,
17, 35, and 76 GHz. Wider bandwidths (up to 600 MHz) are required fel' altimeter measurements with vertical
resolution less than 50 an. These bands are consistent with CCIR. Recommendation 577-1, "Preferred Frequency
Bands fel' Active Sensing Measurements." The current allocations fel' active earth rermte sensing were made
during the 1979 WARC.

IThe High Rcsolutioo M11tifioequcncy Microwave Radiometer, put ofNASA's planned Earth Observing System
(£OS), includes the Advanced Microwave Sounding Unit, ..wich will provide atmospheric soundings of
temperature and water vapor using channels in the oxygen resonance band. (50-60 GHz) and the water vapor line
at 183 GHz; the Advanced Mechanically Scanned Radar, a microwave imager operating at 6, 10, 18, 21, 37, and
9O'Glil; and the Electronically Scanned Thinned Allay Radiometer, an imaging radiometer that operates at I ~3
GHz.
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TABLE I Passive Earth Exploratioo Cwmels (after CCIR. Recommeodatioo SIS)

Frequency Sugge*d Required Mr:asuremcms
(GHz) Bandwidth Accuracy

(MHz) (K)

Near 1.4 100 0.1 soil moisture

Near 2.7 60 0.1 salinity, soil moisture

NearS 200 0.3 estuarine teallpeaature

Near 6 400 0.3 ocean tempe.sture, ram
Near 10 100 1.0 rain, snow, ice, sea state

Near 15 200 0.2 water vapor, ram
Near 18 200 0.2 rain, ocean ice, water vapor, sea state

Near 21 200 0.2 water vapor, rain

22.23S 300 0.4 water vapor, rain

Near 24 400· 0.2 water vapor, ram
Near 31 SOO 0.2 ocean ice, oil spills, rain, clouds

Near 37 1000 0.7 rain, snow, ocean ice, water vapor. sea state

50-61.S 250t 0.1 tempeaidUre

64-66 loot 0.1 teUJpeaature

Near 90 ~ 0.7 clouds, oil spiI1s. ice, snow

100.49 2000 0.2 nitrous oxide

110.80 2~ 0.2 0lDIle

115.27 2000 0.2 carbon monoxide

118.75 60001 0.1 teallpeaature

125.61 2000 0.2 nitrous oxide

150.74 2000 0.2 nitrous oxide

Near IS7 2000 0.7 rain, cloud water. water vapor

16438 2000 0.2 chlorine oxide

Continued
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TABLE 1 (Cmtinued)

Frequency Suggested ~ Measurements
(GHz) Bandwidth Accuracy

(MHz) (K)

Near 166 4000· 0.7 rain. cloud \Wter, water vapor

167.20 2000 0.2 chlorine oxide

175.86 2000 0.2 nitrous oxide

183.31 18,000, 0.1 water vapor, clouds

184.75 2000 0.2 ozone

200.98 2000 0.2 nitrous oxide

Near 220 6000· 0.7 rain. clouds

226.09 2000· 0.2 nitrous oxide

230.54 2000 02 carbon monoxide

235.71 2000 0.2 ozone

237.15 2000 02 ozone

251.21 2000·. 0.2 nitrous oxide

276.33 2000 0.2 nitrous oxide

301.44 2000 02 nitrous oxide

325.10 18,ooot 0.1 water vapor, clouds

Near 340 6000 0.5 water vapor, clotKk

345.80 2000 02 carbon monoxide

364.32 2000 02 ozone

38020 2000 02 watcrvapor

Near 420 6000 0.5 watcr vapor, clotKk

424.76 6000 0.1 telIlpetature. clouds

NOIE: Center fioequencies and b8nd\\-idths have been modified for some channels.

.-nte current fi'equency allocation is accepmble.
tSeveral Oz channels He within this range.
~ double sideband channels are centered around the absorption line peak within this range.
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TABLE 2 Microwave Frequencies lJtiIimi by the National Oceanic and Atmospheric Administration

Channel Center Frequency Bandwidth S~ NEDT(K)
Number (MHz) (MHz)

1 23.8 0Hz 270 10 0.3

2 31.4 0Hz 180 10 0.3

3 50J GHz 180 10 0.4

4 52.8 0Hz 400 5 0.25

5 53.5960Hz 170 5 0.26

6 54.40Hz 400 5 0.25

7 54.940Hz 400 5 0.25

8 55.S GHz 330 10 0.25

9 57.290344 GHz=fLO 330 0.5 0.25

10 fLO %.217 MHz 78 0.5 0.4

11 fLO *322.2 :48 MHz 36 0.5 0.4

12 fLO *322.2 %.22 MHz 16 0.5 0.6

13 fLO *322.2 :1:10 MHz 8 0.5 0.8

14 flo *322.2 :b4.5 MHz 4 0.5 1.2

15 89.0 MHz 6000 50 0.5

16 6O.m67 %0.3539 GHz 3 0.03 1.5

17 6O.7f1267 %0.3558 GHz 0.8 0.03 2.8

18 6O.7f1267 %0.3569 GHz 0.5 0.03 3.5

19 6O.7f1267 %0.3579 GHz 1.0 0.03 2.5

20 60.m67 =O.3S89 <1Hz O.S 0.03 3.5

21 60.m67 %03600 GHz 0.8 0.03 2.8

22 89.0GHz 6000 SO 1.0

23 157.0 GHz 4000 SO 1.0

24 183.31 :1:1.0 GHz 1000 SO 1.0

2S 183.31 *3.0 GHz 2000 50 1.0
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fGm;bjna for Eyidcnc.e of ExbaID,rstrjaJ TcdmoJo&iG'

In 1959, Cocconi and M:Irison published a paper suggesting that the technology of radio astronomy had
progressed to the point that interstellar communication between ourselves and a very distant civilization might be
possible. They suggested the 142o-MHz line ofneutral hydrogen as an obviousmtiversal conununication
channel. Independently, Frank Drake made the first radio search for extraterrestria intelligence (SEll) using the
Tatel telescope of the National Radio Astronomy Observatory equipped \Wh a singlo-channe~ narrowband
spectrometer and a receiver tuned to 1420 MHz. Project OlMA, as this search was called, was conducted in the
spring of 1960 and examined t\W nearby solar-type stars for a few hundred hours. It was the first of nearly 60
searches that have been made over the past three decades, most of them at radio frequencies.

Footnote 722, added to the Radio Regulations dming the 1979 WARe, recognims the interest of the radio
science community in this passive search technique. Since 1960, improvements in receiver technology and
digital signal processing equipment, intended primarily for use in radio astronomy, have enabled far more
sensitive and sophisticated searches for extraterrestria technologies to be conducted. Making use of receiver
instnJmentation developed for radio astronomy, these searches have remained clustered abJut the frequencies of
natural atomic and molecular emission lines and within the protected radio astronomy bands. Plausible
arguments can be made for searching at these "magic frequencies," but most of the miQ'O\\1lve window has
remained unexplored. We can of course only spec:ulate on the likelihood ofcivilizations with matching
technology.

Starting in 1992 NASA will inaugurate a systematic search for signals throughout the 1- to IO-GHz
frequency range that represents the clearest microwave window through the taTestrial atmosphere. This search
will be based on stato-of-fho.art signal processing equipment and wideband, Iow-ooise receivers and feeds
developed specifically for SEn. The search will be conducted \Wh two oompJementary strategies, a targeted
search of the nearest 1000 solar-type stars using the world's largest radio telescopes and an all-sky SlD'Vey using
the 34-meter antennas ofNASA's Deep Space Network. Although this search will be billions of times more
oomprehensive than even the most ambitious search currentJy under WIl)L-the META projects of the Planetary
Society using dedicated telescopes in Massachusetts and Argentina--it is still a limited search and may not
succeed.

Because of the teehnicaJ d1aJJenges alone, SEll is an impoJtant scientific endeavor. SEn experiments
require advanced metbods ofsipl processing as an IIItcqJt is made to recognize and interpet weak signals of
unknown intensity, frequency, and temporal characteristics amidst a b8ckground din of terrestrial and cosmic
noise. As with more traditimallSCnJnOmic:al studies of \\elk cosmic radio emission, teuestrial interference poses
the greatest c:hal1enae to this microwave.-rcl1. If all the frequencies are to be obserYed for all the targets and
directions on the sky. techniques will have to be found to mitigate apinst, or vat around. the ground-based and
satellite 1nInsmissions &om III the active services making use of the I- to IQ.GHz &equcncy range. If the search
is unsuc:cessfuI, future seardIIS may need to be conducted fian the lAmar Qdet Zone OIl the hmar far side (see
Chapter VI). As with traditiOllll radio astronany and reroote sensing of the earth. SE'11~ benefit greatly
from the adoption of modem technkaJ standards and the reduction of out-of-band emissions from active services.

IecbnoJO&ical CQD'ributiqw

The history of radio astronomy and earth remote sensing has shown a remadcable rate of important and
unexpected discoveries. In the short period of the last fOll" decades, radio scientists have made fundamental new
discoveries in physics and have brought us closer to understanding both the nabn of the universe and our
immediate environment. The rapid rate of important discoveries in radio astrorlOlll)' and atmospheric science wi II
surely continue. Such progress is assured in prt by protecting radio-frequency bands for the passive services.
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Radio astronomY and remote sensing have oontributed to the development of practical devices and
techniques. Some of these are listed below:

• The development ofvery-low-noise receivers with system temperatures as low as 10 K and
ftequenc:ies extending from a few MHz to 1000 GHz. These have wide applications in radio
technology.

• The study of the thermography of the body by use of millimeter radio techniques (--45 GHz).

• The detection ofbreast cancer at centimeter wavelengths (-10 GHz) with modem radiometers.

• Computerized x-ray tomography, ..with employs methods originally developed for mapping
radio sources.

• The detection of fORSt fires by their microwave radiation.

• The identification of potential earthquake zones by very-long-baseline interferometric (VLBI)
measurements of fault motion.

• The determination of many geophysical parameters such as continental drift. polar wandering,
latitude measwanents, and variations in the earth's rotation. with the use of connected-element
and VlBI techniques.

• Major contributions to navigation-including that of spacec:raft-end timekeeping resulting from
pulsar observations, VLBI, and the verification of Einstein's general theory of relativity.

• Measuring the tcmpeaabU'e of the earth's atmosphere, surface properties, and the distribution of
water vapor, cloud water. precipitation. and impurities suc:has carbon monoxide by passive
rernote-sensing techniques.

• Monitoring oft:race gases, such as ozone, important to atmospheric chemistl'y.

Radio astronomy is an active and vigorous science, in ..with the universe and its component parts are
studied and new discoveries nD It a rapid rate. The foregoing account is a selection of only a few examples.
To continue this rapid advmce, it is necessary to operate many radio observatories with different instrurrients and
locatiOl1St including spICe, and to be able to observe at many different frequencies. Countries around the world
that have devoted large sums ofmoney for the development of radio astronomy include Argentina, Australia,
Brazil, Canada, auna, Caemwry. FI'lIIlCe, India, Italy, Japan. The Netherlands. the United Kingdom, the United
States, and the U.S.SA It is anticipated that this support will continue and that other countries will start major
radio-astronomical projects.
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m. GENERAL CONSIDERATIONS ON FURlHER PR01ECI10N

In the remarks below, specific frequencies actually refer to frequency bands.

1. The gap between the 74-MHz and the 408-MHz continuwn allocations is too broad. A frequency band in
the range 13()..2S0 MHz with a 1- to 2-percent bandwidth is mgently needed. Footnote protection, at least,
should be provided. The bend 150.05 to 153 MHz is protected in Region 1. Such a frequency allocation
\\OOki be especial1y useful for pulsar research and for VlBI.

2. The 1979 WARe provided an allocation for the passive services in the 322-328.6 MHz band. This band
serves both line and c:ontinuwn observations, since it includes the hyperfine transition from the cosmo
logically significant deuteriwn atom. This has become an important band for radio astronomers allover the
world, with its use for VlBI and on the Very Large Array (VLA). However, this band is not allocated to
the passive savices in the United States.

3. The 608-614 MHz band has different detailed allocations for each region. A single \Q'ldwide band is
desired to allow pursuit of intanational VlBI observations. Coordin8Don with television transmissions on
adjacent channels would be desirable.

4. The primary, exclusive allocation in the 1400-1427-MHz band should be preserved for studies of neutral
atomic hydrogen and for passive earth remote sensing of soil moisture. Additional protection in the 1330
1400-MHz band is also required for studies of distant galaxies.

s. Important spectral Iines should have their allocation status upgraded to "Primazy" in the allocation table.
This is particularly pertinent in the case of the OH lines at 1612 MHz, and 1720 MHz. The bandwidths
should be at least wide enough to cover the expected Doppler-shift range found in our galaxy.

6. The 2695-MHz (11-c:entimeter) band is important to radio astronomy. Its bandwidth is small consider.ng its
relative impoI1ance, and efforts should be made to increase this bandwidth. This frequency band is alsu
useful for pIISSive remote sensing of the earth's surface parametas.

7. The allocation status b'the I\CO line at 4830 MHz should be upgraded to "Primary" in the allocation
table. The bandwidths should be at least wide enough to cover the expected Doppler-shift range: !oWld in
our galaxy.
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8. The 4~MHz (6-<:entimeter) band has become one of the most important for continU1Dl1 radio amonomy.
The frequency is used in almost all observatories as a primary frequency for continuum and VLBI
measurements. Improved protection in the 48004m.MHz band is desirable.

9. The water vapor and anunonia 1ines at 22.2 GHz and around 23 GHz are important diagnostic lines of the
interstellar medium of our galaxy and other galaxies. The protection of these lines needs to be improved.

10. The continuum bands above 80 GHz now allocated to the Radio Astronomy Service and the Earth
Exploration Satellite Service are particularly useful because they have large enough bandwidths to take full
advantage ofmodem receiver technology. and they are situated in regions of the spectrum where
atmospheric windo\w exist.

II. In general, a 1- to 2-percent bandwidth is the minimum practical allocation; a S-percent bandwidth would
be desirable for the continuum bands. This is strongJy reinforced by the new and rapidly increasing
requirements for bandwidth allocation at all frequencies, for complex molecular line studies in the galaxy
and for red-shifted lines of distant galaxies. This requirement can be met by the use of the same fractional
bandwidth allocations for spectral lines as for continuum astronomy as long as the allocated bands occur
reasonably frequently throughout the full spectJUm.

12 In the last 30 years, radio astronomy studies have demonstrated the presence ofever-~pJex
molecules in interstellar space. These discoveries have been one of the most fascinating and puzzling
developments in the field. The complexity of the largest molecules already exceeds that of simple amino
acids. It is anticipated that, in the futlD'e, still more complex molecules, and possibly amino acids, will be
found. Identification of complex molecules can be made only by detection ofa nmnba' of radio lines.

13. Passive services have coosidered, in a preliminary ~on, those spearallines at frequencies above 275
GHz that may merit the granting ofprotection at some future WARe. Since the 1992 WARe will not
address this fi'equency range, it is not discussed in this docwnent. The most important spectral lines for
radio as1ronomyare listed in CCIR Recommendation 314-7. This list is developed and updated regularly
by a \\tlrking group within the International Astronomical Union.

14. StroIlg efforts must be made to protect radio astronomy bands ftorn adjacent band interference from air- or
spaco-to-grounci transmissions. Table 3 shaM the potential inteafeaence situation from air- or spac:e-ter
ground transmission adjacent to the primary radio-astronomy binds. Passive services are particularly
sensitive to spurious, out-of-band and hannonic emissions from other services. A major effort to modernize
and upgrade engineering scandards for active services should be Jt18de. especialJy with n:gard to out-of-band
emissions. MxIernization of these standards \WUld be useful to otba' services as Mil as to radio
astronomy. This is particuJarly the case with aiIbome and satellite transmitters and devices that do not
require licensing.

14



TABLE 3 Services in Adjacent Bands That Could Cause HarmfullnttlfadU to the Radio AsboiJomy Service

Band Allocated to
Radio Astronomy
on a Worldwide Adjacent Band Adjacent-Band Services
Primary Basis

1336-13.41 MHz 1326-13.36 MHz AERONAlmCAL ~Bn.E (R)

322-328.6 MHz 273-322 MHz MOB~ including satellite
328.6-335.4 MHz AERONAlmCAL RADIONAVIGATION

1400-1427 MHz 1350-1400 MHz RADIOLOCATION
1429-1525 MHz . MOBll..E (except Region 1)

Broadcasting satellite·

1660-1670 MHz 1656.5-1660.5 MHz LAND ~BILE-SAlELUTE (earth-to-space)t
1670-1690 MHz METEOROLOGICAL~

METEOROLOOICAL-SAlELUTE (spac:e-to-earth)

2690-2700 MHz 2655-2690 MHz BROADCAS11NG-SA1EL1iIE (sp8l»to-earth)
fIXED.SATEUlTE (Region 2)

2700-2900 MHz AERONAUTICAL RADIONAVIGATION
Radioloc:ation

4990-5000 MHz 4800-4990 MHz MOBILE
5000-52S0 MHz AERONAunCAL RADIONAVIGATION

10.6-10.7 GHz 10.55-10.6 GHz RadioJocation
10.7-11.7 GHz fIXED.SATFllJ1E (5pIl»to-earth)

15.35-15.4 GHz 14.8--15.35 GHz MOBILE
Spece research

15.4-15.7 GHz AERONAUITCAL RADIONAVIGATION

22.21-22.5 GHz n5-n55 GHz ~BILE

BROADCAS11NG-SATFllJ1E (Regions 2 & 3)

23.6-24 GHz 23.55-23.6 GHz MOBILE
24-24.05 GHz AMAlEUR

AMAlEUR-SA1EUlTE

Contmued
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TABLE 1 (Cmtinued)

Band Allocated to
Radio Astronomy on

Worldwide Adjacent Band Adjacent-Band Services
PrimaJy Basis

31.3-31.8 GHz 31-31.3 GHz MOBILE
Standard signals-Satellite (space-to-earth)
Space research

31.8-32 GHz RADlONAVIGATION
Space research

42.5-43.5 GHz 40.5-42.5 GHz BROAOCASTING-SATEUllE

IMobile
43.5-47 GHz . MOBILE

MOBn..E-SAlELUlE
RADiONAVIGATION
RADIONAVIGATION-SAlEIll1E

86-92 GHz 84-86 GHz MOBll..E
BROAOCASTING-SATEUllE

92-95 GHz MOBILE
RADIOLOCATION

105-116 GHz 102-105 GHz FIXED-SATELUTE (space-to-earth)
MOBn...E

116-126 GHz INTER-SAlEIllTE (space-to-earth)
MOBILE

164-168 GHz 151-164 GHz FIXED-SA1E.LITE (space-to-earth)
MOBn...E

168-170 GHz MOBn..E

182-185 GHz 176.5-182 GHz INIER-SAlEIllTE
MOBILE

185-190 GHz INIER-SA1ELI.II'E, M:>BILE

217-231 GHz 202-217 GHz MOBILE
231-235 GHz FlXED-SATElll1E (space-to-earth)

MOBILE
Radiolocation

265-275 GHz 252·265 GHz MOBnE I
MOBn..E-SA1EUl1E
RADIONAVIGATION
RADlONAVIGATION-SA'I'ELU'IE

NOTE: FIXed and mobile services, except aeronautical mobile services, are not included.

*Under study (see Resolution No. 505 of WARC79).
tSee also footnote 730A (MOB-87) of the Radio Regulations.
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